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improve the data rate even when a plurality of component
carriers are aggregated into a wide band, the present inven-
tion provides a base station apparatus having: a downlink
control mmformation generation section (306) configured to
generate downlink control information (DCI) to demodulate
PDSCHs that are sent independently in respective compo-
nent carriers (CCs) allocated to a user terminal; and a
transmitting section configured to transmit a PDCCH con-
taining the downlink control information (DCI). The down-
link control information (DCI) generated by the downlink
control mformation generation section (306) 1s added with
identification information (CIF) that 1s used to demodulate
the PDSCHs assigned to the component carriers and 1s
capable of 1dentifying each of the component carriers.
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BASE STATION APPARATUS AND
COMMUNICATION CONTROL METHOD

TECHNICAL FIELD

The present invention relates to a base station apparatus
and a communication control method 1n a next-generation

mobile communication system.

BACKGROUND ART

In a UMTS (Umversal Mobile Telecommunications Sys-
tem) network, for the purposes of improving spectral efli-
ciency and improving the data rates, system features based

on W-CDMA (Wideband Code Division Multiple Access)
are maximized by adopting HSDPA (High Speed Downlink
Packet Access) and HSUPA (High Speed Uplink Packet
Access). For this UMTS network, for the purposes of further
increasing high-speed data rates, providing low delay and so
on, long term evolution (LTE) has been under study.

In a third-generation system, i1t 1s possible to achieve a
transmission rate ol maximum approximately 2 Mbps on the
downlink by using a fixed band of approximately 5 MHz.
Meanwhile, 1n the LTE system, 1t 1s possible to achieve a

transmission rate of about maximum 300 Mbps on the
downlink and about 75 Mbps on the uplink by using a

variable band which ranges from 1.4 MHz to 20 MHz.
Furthermore, in the UMTS network, for the purpose of
achieving further broadbandization and higher speed, suc-
cessor systems to LTE have been under study (for example,
LTE Advanced (LTE-A)). For example, in the LTE-A sys-
tem, there 1s a plan to extend the maximum system band of
20 MHz specified 1n the LTE system up to about 100 MHz.

The LTE system 1s a system where communication 1s
performed with one or more physical channels shared
between plural mobile station apparatuses UE both on the
uplink and on the downlink. A channel shared by plural
mobile station apparatuses UE 1s generally referred to as

“shared channel” (or 1t may be called data channel) and 1n
the LTE system, there are uplink PUSCH (Physical Uplink

Shared CHannel) and downlink PDSCH (Physical Down-
link Shared CHannel).

In this LTE system, in the communication system using,
the shared channels, 1t 1s necessary to mform to which a
mobile station apparatus UE the above-mentioned shared
channel 1s assigned per transmission time interval (TTI)
(subiframe for LTE) by signaling. A downlink control chan-
nel for this signaling i1s defined as a PDCCH (Physical
Downlink Control CHannel).

Downlink control information transmitted 1n this PDCCH
includes, for example, downlink scheduling information
(sece Non Patent Literature 1). This downlink scheduling
information includes, for example, allocation information of
downlink resource blocks, identification information of a
mobile station apparatus UE, the number of streams, infor-
mation ol precoding vector, data size, modulation scheme,
information of HARQ (Hybrnid Automatic Repeat reQuest).
In the mobile station apparatus UE, radio resources to which
PDSCHs directed to the mobile station apparatus are
assigned are recognized by decoding the PDCCH, thereby
being able to recode the radio resources.

CITATION LIST

Non Patent Literature

Non-Patent Literature 1: R1-070103, Downlink [.1/1.2 Con-
trol Signaling Channel Structure: Coding
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2
SUMMARY OF THE INVENTION

Technical Problem

Now, 1n the LTE-A system, there 1s an agreement to widen
the band by gathering and grouping a plurality of component
carriers (carrier aggregation). If the LTE system specifica-
tions are adopted in the radio communications 1n the wid-
ened system band like 1n the LTE-A system, the above-
mentioned PDCCH needs to be transmitted per component
carrier. That 1s, 1t 1s necessary to transmit the PDSCH and
PDCCH for demodulation of the PDSCH 1in the same
component carrier. However, 11 the PDCCH 1s transmitted
per component carrier as mentioned above, there 1s an
increase 1n radio resources to be allocated to PDCCHs and
it becomes diflicult to improve the data rate (frequency use
clliciency) problematically.

The present mvention was carried out m view of the
foregoing and aims to provide a base station apparatus and
a communication control method capable of reducing the
radio resources to allocate to the PDCCDs and improving
the data rate even when the plural component carriers are
aggregated into a broader band.

Solution to Problem

An aspect of the present invention 1s a base station
apparatus comprising: a downlink control information gen-
cration section configured to generate downlink control
information to demodulate data channels that are sent inde-
pendently 1n respective fundamental frequency blocks allo-
cated to a user terminal; and a transmitting section config-
ured to transmit a downlink control channel containing the
downlink control information, wherein the downlink control
information generated by the downlink control information
generation section 1s added with i1dentification information
that 1s used to demodulate the data channels assigned to the
fundamental frequency blocks and 1s capable of 1dentifying
cach of the fundamental frequency blocks.

According to the base station apparatus of the present
invention, the downlink control information 1s generated
with the addition of identification information that 1s used
for demodulating a plurality of data channels assigned to
two or more fundamental frequency blocks and 1s capable of
identifying the fundamental frequency blocks. With this
configuration, there 1s no need to generate downlink control
information on a per-fundamental frequency block basis and
send the downlink control channel, and 1t 1s possible to
reduce the radio resources assigned to downlink control
channels (PDCCHs) and improve the data rate even when a
plurality of fundamental frequency blocks (component car-
riers) are aggregated into a wide band.

Another aspect of the present invention 1s a communica-
tion control method comprising: a generating step of gen-
erating downlink control information to demodulate data
channels that are sent independently in respective funda-
mental frequency blocks allocated to a user terminal; and a
transmitting step of transmitting a downlink control channel
containing the downlink control information, wherein the
downlink control information generated in the generating
step 1s added with 1dentification information that 1s used to
demodulate the data channels assigned to the fundamental
frequency blocks and 1s capable of i1dentifying each of the
fundamental frequency blocks.

According to the communication control method of the
present invention, the downlink control information 1s gen-
erated with the addition of identification information that 1s
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used for demodulating a plurality of data channels assigned
to two or more fundamental frequency blocks and 1s capable
of 1dentitying the fundamental frequency blocks. With this
configuration, there 1s no need to generate downlink control
information on a per-fundamental frequency block basis and
send the downlink control channel, and 1t 1s possible to

reduce the radio resources assigned to downlink control
channels (PDCCHs) and improve the data rate even when a
plurality of fundamental frequency blocks (component car-
riers) are aggregated into a wide band.

Technical Advantage of the Invention

According to the present invention, 1t is possible to reduce
the radio resources to allocate to the PDCCDs and improve
the data rate even when the plural component carriers are
agoregated 1nto a broader band.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1llustrating a hierarchical band width
configuration defined 1n LTE-A;

FIG. 2 provides diagrams for explaining a method of
providing noftification of component carriers to which
PDSCHs are assigned, with use of a CIF;

FIG. 3 1s a diagram for explaining a method of providing
notification of component carriers to which PDSCHs are
assigned, with use of a CIF, in a base station apparatus to
which a communication control method according to the
present mvention 1s applied;

FI1G. 4 1s a diagram 1illustrating an example of a CIF table
used 1n the communication control method according to the
present mvention;

FIG. 5 provides diagrams for explaining DCI fields used
in common 1n the above-mentioned base station apparatus;

FIG. 6 provides diagrams for explaining a compression
method of RA field information 1n the DCI 1n the above-
mentioned base station apparatus;

FIG. 7 provides diagrams for explaining a method of
providing notification of component carriers and/or sub-
frames to which PDSCHs are assigned, with use of a CIF 1n
the above-mentioned base station apparatus;

FIG. 8 provides diagrams for explaining a method of
retransmitting PDSCHs 1n the above-mentioned base station
apparatus;

FIG. 9 1s an overall view of a mobile communication
system according to an embodiment of the present imnven-
tion;

FIG. 10 1s a diagram for schematically illustrating a
configuration of the base station apparatus according to the
above-mentioned embodiment;

FIG. 11 1s a diagram for schematically illustrating a
configuration of a mobile station apparatus according to the
above-mentioned embodiment:

FIG. 12 1s a functional block diagram of a transmission
processing section in a baseband signal processing section of
the base station apparatus according to the above-mentioned
embodiment; and

FI1G. 13 1s a functional block diagram of a baseband s1gnal
processing section provided in the mobile station apparatus
according to the above-mentioned embodiment.

DESCRIPTION OF EMBODIMENTS

FIG. 1 1s a diagram for illustrating a hierarchical band
width configuration defined in LTE-A. The example illus-
trated 1n FIG. 1 1s of a hierarchical band width configuration
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4

where there coexist an LTE system and an LTE-A system. In
the LTE system, radio communication 1s performed using a
variable system band. In the LTE-A system, radio commu-
nication 1s performed using a variable system band which 1s
changed by adding or reducing fundamental frequency
blocks (fundamental unit), each fundamental frequency
block being a system band of the LTE system (for example,
maximum system band).

In the LTE-A system, for example, radio communication

1s performed using a variable system bandwidth of 100 MHz
or less and i the LTE system, radio communication 1s
performed using a system bandwidth of 20 MHz or less. The
system band for the LTE-A system i1s at least one funda-
mental frequency block, where the system band of the LTE
system 1s one unit (fundamental frequency block). In the
LTE-A system, the fundamental frequency block 1s called
“component carrier” (CC). This coupling of plural compo-
nent carriers mto a broader band 1s referred to as “carrier
aggregation”.

For example, in FIG. 1, the system band of the LTE-A
system 1s a system band including bands of five component
carriers (20 MHzx5=100 MHz), where the system band
(base band: 20 MHz) of the LTE system 1s one component
carrier. In FIG. 1, a mobile station apparatus UE (User
Equipment) #1 1s a mobile station apparatus supporting the
LTE-A system (and also supporting the L'TE system) and has
a system band of up to 100 MHz. UE #2 1s a mobile station
apparatus supporting the LTE-A system (and also supporting
the LTE system) and has a system band of up to 40 MHz (20
MHzx2=40 MHz). UE #3 i1s a mobile station apparatus
supporting the L'TE system (and not supporting the LTE-A
system) and has a system band of up to 20 MHz (base band).

In radio communication in the thus widened system band,
there may occur a communication environment where some
component carriers sullers from large interference from
other cells while other component carriers are hardly
aflected by the interference. In view of this, there has been
considered a scheme of allocating downlink control infor-
mation (DCI) relating to the shared data channel (PDSCH/
PUSCH) sent 1n a component carrier of strong interference
from another cell, to another component carrier less affected
by the interference. In the following, for convenience of
explanation, a scheme where a PDCCH of a component
carrier for sending a PDSCH 1s sent 1n another component
carrier 1s called “cross-carrier scheduling™.

As a method for realizing such cross-carrier scheduling,
there has been considered a method of adding, to downlink
control information (DCI), a carrier indicator field (herein-
alter referred to as “CIF”) indicating to what component
carrier (hereinafter referred to as “CC”) a PDSCH 1s
assigned and providing notification of the CC to which the
PDSCH 1s assigned with use of bit information that make up
the CIF. In other words, a common CIF table 1s held between
a mobile station apparatus and a base station apparatus and
the bit information of the CIF notified of from the base
station apparatus 1s used to specily the CC to which the
PDSCH 1s assigned. Here, this CIF 1s agreed to be composed
ol three bits.

Here, with reference to FIG. 2, description 1s made about
the method of providing notification of a CC to which the
PDSCH 1s assigned, with use of a CIF. FIG. 2 provides
diagrams for explaining the method of providing notification
of the CC to which the PDSCH 1s assigned, with use of the
CIF. FIG. 2A illustrates a case where the PDSCH and the
PDCCH for demodulating the PDSCH are sent 1n the same
CC, while FIG. 2B 1illustrates a case where the PDCCH {for
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demodulating the PDSCH 1s sent in an adjacent CC. Here,
in FIG. 2, 1t 1s assumed that the system band 1s made up of
two CCs.

In the examples illustrated in FIG. 2, when the bit
information of the CIF 1s “000”, the PDSCH and PDCCH
are assigned to the same CC (FIG. 2A) and when the bit
information of the CIF 1s “001”, the PDSCH 1s assigned to
a CC adjacent to a CC where the PDCCH 1s assigned (FIG.
2B). In the mobile station apparatus, this CIF 1s decoded
thereby to 1dentity the CC to which PDSCH for the subject
apparatus 1s assigned, based on the above-mentioned CIF
table.

However, even when the CC to which the PDSCH 1s
assigned 1s notified of by the CIF, 1t the PDSCHs and the
PDCCHs for demodulating the PDSCHs are equal in num-
ber, 1t 1s diflicult to reduce radio resources allocated to the
PDCCHs and also diflicult to increase the data rate fre-
quency use eiliciency). The present inventors has noted that
improvement of the data rate 1s prevented by the fact that the
PDSCHs and the PDCCH for demodulating the PDSCHs are
equal 1n number and achieved the present invention.

That 1s, according to a communication control method
according to the present invention, DCI 1s generated to
include a CIF which 1s used for demodulating a plurality of
PDSCHs assigned to two or more CCs and 1s 1dentification
information capable of identifying the two or more CCs and
a PDCCH 1s sent with this DCI. With this method, as the
mobile station apparatus can be notified of the two or more
CCs to which the PDSCHs are assigned, with use of the
single PDCCH, 1t 1s possible to reduce the radio resources
allocated to the PDCCH and improve the data rate even 1n
the case when a plurality of CCs are aggregated into a broad
band.

FIG. 3 1s a diagram for explaiming the method of provid-
ing notification of the CCs to which the PDSCHs are
assigned, by the CIF 1n the base station apparatus to which
the communication control apparatus of the present inven-
tion 1s applied. In the example illustrated 1n FIG. 3, when the
CIF bit iformation 1s “010”, two PDSCHs (PDSCHI,
PDSCH2) are assigned to the same CC as the PDCCH (CCO0)
and to an adjacent CC (CC1), respectively. In the mobile
station apparatus, this CIF 1s decoded thereby to be able to
recognize the two CCs to which the PDSCH for the subject
apparatus are assigned, with reference to the CIF table
described later.

FI1G. 4 1s a diagram for 1llustrating an example of the CIF
table utilized 1n the communication control method accord-

ing to the present mvention. In the CIF table illustrated 1n
FIG. 4, CCs to which PDSCHs are assigned are defined 1n

association with the number of available CCs for radio

communication and the bit information that makes up the
CIF. In FIG. 4, the CIF table contains the number of CCs of

2 to 5 (CCO to CC4). In the following description, for
convenience of explanation, it 1s assumed that a PDCCH 1s
assigned to the CCO. Here, this CIF table 1s held 1n both of
the base station apparatus to which the communication
control method according to the present invention is applied
and the mobile station apparatus that performs radio com-
munication with this base station apparatus.

The part enclosed by the heavy line illustrated 1n FIG. 4
indicates CCs which 1s assigned to the bit information of the
CIF when the PDCCHs and the PDSCHs are equal 1n
number. For example, when the CC number 1s 2, at
CIF=000, the CC to which the PDSCH 1s assigned 1s CCO,
and at CIF=001, the CC to which the PDSCH 1s assigned 1s
an adjacent CC1. Now, the examples 1llustrated in FIGS. 2A
and 2B are of these cases. And, when the CC number 1s 3,
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at CIF=010, the CC to which the PDSCH 1s assigned 1s CC2
next to CC1 (two CCs away). Further, when the CC number
1s 4, at CIF=011, the CC to which the PDSCH 1s assigned 1s
CC3 next to CC2 (three CCs away). And, when the CC
number 1s 5, at CIF=100, the CC to which the PDSCH 1s
assigned 1s CC4 next to CC3 (four CCs away).

In the CIF table illustrated in FIG. 4, when the CC number
1s 2, the bit mnformation of CIF=010 or later (that 1s, 010,
011, 100, 101, 110, 111) remains as bit information with no
CC defined. In the same manner, 1t 1s seen that when the CC
number 1s 3, the bit information of CIF=011 or later remains,
when the CC number 1s 4, the bit information of CIF=100 or
later remains and when the CC number 1s 5, the bit infor-
mation of CIF=101 or later remains. In the communication
control method according to the present imnvention, such bit
information remaining in the CIF table 1s used as bait
information for providing notification of CCs to which the

PDSCHs are assigned.

That 1s, 1n the CIF table illustrated 1in FIG. 4, combina-
tions of CCs are defined i the bit information with no CC
defined, and the subject CCs are bundled to CCs to which the
PDSCHs are assigned (this combining of CCs in which
PDSCHs are transmitted 1s hereinafter referred to as “bun-
dling”). For example, when the CC number 1s 2, at CIF=010,
the CCs to which the PDSCHs are assigned are defined as
CCO0 and CC1 (an other words, CCO and CC1 are bundled).
Now, the example illustrated 1n FIG. 3 1s of this case. And,
when the CC number 1s 3, at CIF=011, the CCs to which the
PDSCHs are assigned are defined as CCO and CC1, and at
CIF=100, the CCs to which the PDSCHs are assigned are
defined as CCO and CC2. At CIF=101, the CCs to which the
PDSCHs are assigned are defined as CC1 and CC2. Further,
when the CC number 1s 3, at CIF=110, the CCs to which the
PDSCHs are assigned are defined as CCO, CC1 and CC2.

Here, the CC combinations can be indicated by three bits
for the CC number 2 and 3. However, for the CC number 4
and 5, four bits are required for defimng all CC combina-
tions, and the bits are deficient in number. Therefore, when
the CC number 1s 4, the bundled-CC sets N, to N, are
defined 1n the bit information of CIF=100 or later. Here, the
bundled-CC sets N, to N, may be notified of to the mobile
station apparatus semi-statically by RRC signaling or
defined 1n the 1nitial setting.

As the bit information corresponding to a bundled-CC set
makes up the CIF, this CIF 1s added to the DCI, which 1s then
included 1n the PDCCH 1n this way, 1n the mobile station
apparatus, 1t 1s possible to recognize the plural CCs to which
the PDSCHs for the subject apparatus are assigned by
decoding this CIF. With this method, as it 1s possible to
notily the mobile station apparatus of the two or more CCs
to which the PDSCHs are assigned with use of a single
PDCCH, even when the plural CCS are aggregated 1nto a
wide band, 1t 1s possible to reduce the radio resources
allocated to the PDCCHes, thereby improving the date rate.

In the base station apparatus according to the present
invention, such a CIF 1s used to provide notification of plural
CCs to which the PDSCHs are assigned, thereby realizing
reduction in radio resources allocated to the PDCCHs and
increase 1n data rate. However, 11 the plural CCs to which the
PDSCHs are assigned are notified of 1n this way, the fields
of the downlink control information (DCI) contained 1n the
PDCCH need to be standardized (made common) partially
or entirely. This 1s because DCI, which 1s conventionally
transmitted 1n plural PDCCHs, 1s transmitted by a single
PDCCH.

For this reason, 1n the base station apparatus according to
the present invention, there are considered the following




US 9,591,628 B2

7

options: 1) using information of all the fields of the DCI 1n
common, 11) using information of all the field other than the
RA (Resource Allocation) field of the DCI 1n common, and
111) using information of some fields other than the RA field
of the DCI 1n common. In this way, the fields of the DCI are
made common partially or entirely, DCIs conventionally
transmitted 1n plural PDCCHs can be transmitted 1n a single
PDCCH. Here, the above options 1) and 111) may be com-
bined to standardize certain fields of the DCI.

FIG. 5 provides diagrams for explaining DCI fields used
in common 1n the base station apparatus according to the
present ivention. FIG. SA shows the case where informa-
tion of all the fields of the DCI 1s used 1n common (the above
option 1)) and FIG. 5B shows the case where information of
all the fields other than RA field of the DCI 1s used 1n
common (the above option 11)).

As 1llustrated 1n FIG. 5, DCI contains fields for determin-
ing resource allocation information (RA) determined per
mobile station apparatus, MCS (modulation and coding
scheme) information, HARQ) information, identifier to deter-
mine whether data 1s new data or retransmission data (NDI:
New data indicator), RV (Redundancy Version), TPC (trans-
mission power control) command of PUCCH (Physical
Uplink Control CHannel) and the like.

In the method 1llustrated in F1G. SA, the information of all
the fields contained 1n the DCI 1s used in common. That 1s,
information of all the fields contained 1n the DCI 1s made
common 1rrespective of the number of PDSCHs assigned to
the plural CCs. As the information of all the fields contained
in the DCI 1s made common in this way, 1t 1s possible to
notily the mobile station apparatus of the CCs to which the
PDSCHs are assigned with use of the bit information of the
CIFE, without performing processing such as compression on
the mnformation of the respective fields of the DCI. However,
in this case, as the iformation of each field 1s designated
without considering transmission path quality of the plural
CCs, the data rate may be reduced as compared with the case
where the PDCCH for demodulating the PDSCH 1s assigned
on a per-CC basis.

In the method illustrated 1in FIG. 5B, the information of
the fields other than the RA field contained 1n the DCI 1s
made common. That 1s, the information of the RA field
contained 1n the DCI 1s designated for each of the PDSCHs
assigned to the plural CCs independently. In this case, the
information of the RA field (resource allocation information)
can be assigned in consideration of the transmission path
quality of each CC. Therefore, though the information of the
RA field needs to be subjected to processing such as com-
pression, but as the imnformation of the RA field 1s assigned
in consideration of the transmission path quality of the plural
CCs, 1t 1s possible to allocate the resource 1n accordance
with the transmission path quality of each of the CCs,
thereby making 1t possible to notity the mobile station
apparatus of the plural CCs to which the PDSCHs are
assigned with use of the CIF bit information, while prevent-
ing reduction 1n data rate.

Although 1t 1s not illustrated, 1n the above option 1), the
information of some fields other than the RA field of the DCI
1s made common. That 1s, information of some fields other
than the RA field contained in the DCI 1s designated for each
of the PDSCHs assigned to the CCs, independently. For
example, when the mformation of the fields other than the
MCS field 1s made common, the information of the MCS
field can be designated in consideration of transmission path
quality of each CC. Therefore, though the information of the
MCS field needs to be subjected to compression or the like,
as the information of the MCS field can be designated 1n
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consideration of the transmission path quality of each CC, 1t
1s possible to select an MCS 1n accordance with the trans-
mission path quality of each CC, thereby making 1t possible
to provide notification of plural CCs to which PDSCHs are
assigned with use of CIF bit information, while suppressing
reduction 1n data rate.

Besides, as to the field that 1s not made common, that 1s,
the field that 1s provided corresponding to each of the
PDSCHs assigned to CCs, 1t 1s possible to reduce or
decrease information of certain fields 1n accordance with the
importance. For example, as to a TPC command designated
in the TPC field, if 1t 1s required of a primary CC mainly used
in transmission of a PDSCH (not required of CCs other than
the primary CC), the TPC field may be used as an individual
field for another field (for example, NDI field). Further, it 1s
also possible to reduce the number of bits assigned to the RA
field and use it as an individual field of another field (for
example, HARQ field).

Further, 1n this description, it 1s assumed that a transport
block that makes up a retransmission block 1s mapped on a
per-CC basis. However, mapping of the transport block 1s by
no means limited to thus way. For example, the present
invention 1s also applicable to the way to map the transport
block over plural CCs. In such a case, 1t 1s possible to make
the HARQ field of the DCI common.

Here, description 1s made about the compression method
of the information of the RA field that 1s required for
assigning the RA field mformation (resource allocation
information) 1n consideration of the transmission path qual-
ity of each CC. FIG. 6 provides diagrams for explaining the
method for compressing the RA field information of the DCI
in the base station apparatus according to the present inven-
tion. FIG. 6A illustrates the DCI before the RA field infor-
mation 1s compressed, and FIG. 6B illustrates the DCi after
the RA field information 1s compressed.

Compression of the RA field can be realized, for example,
by, when allocating resources to a mobile station apparatus,
increasing the size of a resource block group (RBG) to be
larger than the size of the RBG where the DCI (PDCCH) 1s
generated for each of PDSCHs allocated to CCs. In FIG. 6,
the RBG size 1s made twice as large when allocating
resources to the mobile station apparatus.

As 1llustrated 1n FIG. 6A, 1t 1s assumed that the RA field
information (resource allocation information) in the size of
the RBG before change 1s of 10 bits. In this case, when the
RBG size 1s twice as large, the RA field information can be
designated with 5 bits as illustrated 1n FIG. 6B. Therefore,
the RA field information 1s to be compressed by 3 bits. For
example, when the CC number 1s 2, 1t 1s possible that the
resource allocation information of the PDSCH of one CC 1s
designated to the compressed five bits and the resource
allocation information of the PDSCH of the other CC 1s
designated to the other five bits newly formed by compres-
S1011.

In this way, as the RA field information 1s compressed, it
1s possible to assign the resource allocation information 1n
consideration of transmission path quality of each of CCs to
the RA field. This makes it possible to notity the mobile
station apparatus of plural CCs to which the PDSCHs are
assigned with use of CIF bit information, while suppressing
reduction 1n data rate.

Here, the compression method of the RA field information
has been described on the assumption that the DCI formats
are equal to each other (equal 1n transmission mode and
bandwidth), however, this compression method 1s also appli-
cable when different DCI formats are used. For example,
where the DCI formats corresponding to plural CCs notified
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of by the CIF are different in bandwidth, the RA field
information of a DCI format of broader bandwidth may be
turther compressed thereby to realize the present invention.
Besides, where the DCI formats corresponding to CCs
notified of by the CIF are diflerent 1n transmission mode, 1t
1s preferable that the DCI formats are made to conform to the
DCI format of larger size (number of bits).

Up to this point, description has been made about the
method of bundling a plurality of CCs by assigning the CCs
to bit information of a CIF and providing notification of the
CCs to which PDSCHs are assigned with use of a single
PDCCH. In the communication control method according to
the present invention, this method of providing notification
of plural CCs to which PDSCHs are assigned may be
replaced, or may be added with, the method of bundling two
or more subiframes by assigning the subirames to bit infor-
mation of a CIF and providing notification of the subirames
to which PDSCHs are assigned. With this method, 1t 1s
possible to notily the mobile station apparatus of the plural
PDSCHs assigned not only to different CCs, but also to
different subirames, with use of a single PDCCH, thereby
making it possible to reduce the radio resources allocated to
the PDSCHs and further improve the data rate even when the
plural CCs are aggregated into a wide band.

FIG. 7 provides diagrams for explaining the method of
provide notification of CCs and/or subirames to which
PDSCHs are assigned with use of a CIF in the base station
apparatus according to the present invention. In FIG. 7, there
are shown radio resources of two subirames 1n the system
band made up of two CCs. In the following description, for
convenience of explanation, bundling of plural CCs by
assigning the CCs to bit information of a CIF 1s referred to

s “CC bundling” and bundling of plural subirames by
assigning the subirames to bit information of a CIF 1s
referred to as “subiframe bundling”

In the subframe bundling, for example, 1n the CIF table
illustrated 1n FIG. 4, the bit information of CIF=011 or later
when the CC number 1s 2 1s used. For the subirame
bundling, for example, it 1s assumed that the subirame of the
same CC as the PDCCH and 1ts following subirame are
bundled (see FIG. 7B). And, where the CC bundling and the
subiframe bundling are combined, for example, the same CC
as the PDCCH 1s bundled with its adjacent CC and a
subframe of these CCs and 1ts following subirame are
bundled (see FIG. 7D).

FIG. 7A 1llustrates the case of providing notification of a
plurality of CCs to which plural PDSCHs are assigned with
use of a single PDCCH by CC bundling. FIG. 7B illustrates
the case of providing notification of a plurality of subirames
to which plural PDSCHs are assigned with use of a single
PDCCH by subirame bundling. FIGS. 7C and 7D illustrate
the cases of providing notification of plural CCs and plural
subirames to which plural PDSCHs are assigned with use of
a single PDCCH by CC bundling and subirame bundling. In
the following description, for convenience of explanation, it
1s assumed that the PDCCH 1s assigned to the CCO.

In FIG. 7A, at the subiframe 0, CIF=010, two PDSCHs are
assigned to the same CC (CCO0) as the PDCCH and 1ts
adjacent CC (CC1), and at the subirame 1, CIF=001, one
PDSCH 1s assigned to an adjacent CC (CC1) to the CC of
the PDCCH. In this way, as the bundled CCs are notified of
by the CIF added to the PDCCH, 1t 1s possible in the mobile
station apparatus to 1dentily the CCs to which the PDSCHs
are assigned for the subject apparatus by decoding the CIF.

In FI1G. 7B, at CIF=001, the PDSCHs are assigned to the
subirame (subframe 0) of the same CC as the PDCCH and

its following subirame (subirame 1) (also of the same CC as
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the PDCCH). As the bundled subirames are thus notified of
by the CIF added to the PDCCH, 1t 1s possible in the mobile

station apparatus, to identily the plural subiframes to which
the PDSCHs are assigned for the subject apparatus by
decoding the CIF. This makes 1t possible to notify the mobile
station apparatus of the two or more subirames to which the
PDSCHs are assigned by a single PDCCH, thereby reducing
radio resource allocated to PDCCHs and improving the data
rate even when a plurality of CCs are aggregated 1nto a wide
band.

In FIG. 7C, at CIF=100, the PDSCHs are assigned to the
same CC (CCO0) as the PDCCH, 1ts adjacent CC (CC1) and
to a following subirame (subirame 1) of the same CC (CCO)
as the PDCCH.

Besides, in FIG. 7D, at CIF=101, the PDSCHs are
assigned to the same CC (CCO) as the PDCCH and 1ts
adjacent CC (CC1) and to the same CC (CCO) of the
PDCCH and 1ts adjacent CC (CC1) of a subsequent sub-
frame (subirame 1). As the bundled CCs and the bundled
subiframes are thus notified of by the CIF added to the

PDCCH, 1t 1s possible in the mobile station apparatus to
identify the CCs and subirames to which the PDSCHs are
assigned for the subject apparatus by decoding the CIF. This
makes 1t possible to notify the mobile station apparatus of
the two or more CCs and subirames to which the PDSCHs
are assigned by a single PDCCH, thereby reducing radio
resource allocated to PDCCHs and improving the data rate
even when a plurality of CCs are aggregated into a wide
band.

Now, when the plural PDSCHs are transmaitted in different
CCs or subiframes by CC bundling and subirame bundling
like 1n the above-described examples, there may arise a
situation that any of the PDSCHs are not received properly

by the mobile station apparatus. For example, when the

PDSCHs are transmitted in two CCs by CC bundling, the
PDSCH of one CC may be received properly and the
PDSCH of the other CC may not be received properly. In

this case, in the base station apparatus according to the
present invention, the PDSCH which was not received can
be re-transmitted 1n response to an ACK/NACK signal from
the mobile station apparatus.

FIG. 8 provides diagrams for explaining the method for
retransmitting PDSCHs 1n the base station apparatus accord-
ing to the present invention. In FIG. 8A, at CIF=010, two
PDSCHs (PDSCH1, PDSCH2) are assigned to the same CC
(CCO) as the PDCCH and 1ts adjacent CC (CC1) and
transmitted. Here, 1t 1s assumed that in the mobile station
apparatus, the PDSCHI1 could be recerved properly and the
PDSCH2 could not be received properly. It 1s also assumed
that the mobile station apparatus transmits, in response,
ACK/NACK signals independently for the respective

PDSCHs. In this case, an ACK 31gnal 1s transmitted for the
PDSCH1 and a NACK signal 1s transmitted for the
PDSCH2.

When the ACK/NACK signals are thus transmitted

respectively, 1n the base station apparatus according to the
present invention, the CIF bit information 1s changed and
only the PDSCH which could not been recerved properly 1s

retransmitted 1n the same CC as the previous one. In the
example of FIG. 8, as 1llustrated 1n FIG. 8B, at CIF=001, the

PDSCH2 1s retransmitted only in the CCl1. Thus in the base
station apparatus according to the present invention, the CIF
bit information can be changed to retransmit only the
PDSCH2, which was not received properly, it 1s possible to
ciiciently transmit the PDSCH2 required of the mobile
station apparatus.
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Here, description 1s made by way of the example where
the CIF bit information 1s changed and the PDSCH2 1s only
retransmitted in the same CC1 as the previous one. How-
ever, the PDSCH2 can be retransmitted 1n the same CC as
the previous one without change to the CIF bit information.
For example, 1t can be assumed that at CIF=010, a new
PSDCH 1s transmitted in the CCO while the PDSCH2 1is
retransmitted 1 the CC1. In this case, as not only the
PDSCH?2, which needs to be retransmitted, but also the new
PDSCH can be transmitted, 1t 1s possible to improve the data
rate while transmitting the PDSCH2 required of the mobile
station apparatus.

In the mobile station apparatus according to the present
invention, as the NACK signal 1s transmitted when all the
PDSCHs are not received properly, that 1s, an ACK/NACK
signal 1s transmitted for a set of plural PDSCHs, 1t 1s possible
to reduce uplink ACK/NACK signals. In this case, in the
base station apparatus which has received a NACK signal,
the bit information of the CIF 1s mamntained and all the
PDSCHs are re-transmitted 1n the same CCs as previous
ones.

The following description 1s made 1n detail about an
embodiment of the present invention, with reference to the
accompanying drawings. Here, it 1s assumed that a base
station apparatus (hereinafter referred to as “base station™)
and a mobile station apparatus (hereinafter referred to as
“mobile station™) both support the LTE-A system.

With reference to FIG. 9, description 1s made about a
mobile communication system 1 having a base station 20
and mobile stations 10 according to the present embodiment.
FIG. 9 1s a diagram for explaining the configuration of the
mobile communication system 1 having the base station 20
and mobile stations 10 according to the present embodiment.
The mobile communication system 1 illustrated in FIG. 9 1s
a system comprising, for example, the LTE system or
SUPER 3G. Besides, this mobile communication system 1
may be referred to as “IMT-Advanced” or “4G”.

The mobile communication system 1 1s configured to
include the base station 20 and a plurality of mobile stations
10 (10,, 10,, 104, . . . ) that communicate with this base
station 20. The base station 20 1s connected with a higher
station apparatus 30, and this higher station apparatus 30 1s
connected with a core network 40. The mobile stations 10
communicate with the base station 20 i a cell 50. The
higher station apparatus 30 includes, for example, an access
gateway apparatus, a radio network controller (RNC), a
mobility management entity (MME) and so on, but 1s by no
means limited to these.

The mobile stations (10,, 10,, 10,, ... 10, ) have the same
configurations and functions, so that the following descrip-
tions will be given with respect to “mobile station 10,”
unless specified otherwise. Also, although the mobile station
10 performs radio communication with the base station 20
for ease of explanation, more generally, user apparatuses
(UE: User Equipment) including mobile stations and fixed
terminal apparatuses may be used.

In the radio communication system 1, as radio access
schemes, OFDMA (Orthogonal Frequency Division Mul-
tiple Access) 1s applied to the downlink, and SC-FDMA or
clustered DFT-spread OFDM 1s applied to the uplink.
OFDMA 1s a multi-carrier transmission scheme to perform
communication by dividing a frequency band into a plurality
of narrow frequency bands (subcarriers) and mapping data
to each subcarrier. SC-FDMA 1s a single carrier transmission
scheme to reduce interference between terminals by divid-
ing, per terminal, the system band 1nto bands formed with
one or continuous resource blocks, and allowing a plurality
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of terminals to use mutually different bands. Clustered
DFT-spread OFDM 1s a scheme to realize uplink multiple
access by assigning a group (cluster) of discontinuous
clustered subcarriers to one mobile station UE and applying
discrete Fournier transform-spread OFDM to each cluster.

Here, the communication channels 1in the LTE/LTE-A
systems will be described. The downlink communication
channels include the PDSCH, which 1s used by each mobile
station 10 on a shared basis, and downlink control channels
(including the PDCCH, PCFICH and PHICH). The down-
link control channel may be referred to as a downlink L1/1.2
control channel. The PDSCH transmits user data (including
higher control signals), that 1s, normal data signals. Trans-
mission data 1s contained in this user data.

As for uplink, a PUSCH, which 1s used by each mobile
station 10 on a shared basis, and a PUCCH, which 1s an
uplink control channel. This PUSCH 1s used to transmit user

data. And, the PUCCH 1s used to transmit UL ACK/NACK,
downlink radio quality information (CQI: Channel Quality
Indicator) and so on.

FIG. 10 1s a diagram schematically 1llustrating the con-
figuration of the base station 20 according to the present
invention. As illustrated in FIG. 10, the base station 20 has
a transmitting/recerving antenna 201, an amplifying section
202, a transmission/reception section 203, a baseband signal
processing section 204, a call processing section 205 and a
transmission path interface 206.

User data that 1s transmitted on the downlink from the
base station 20 to the mobile station 10 1s mput 1n the
baseband signal processing section 204, through the trans-
mission path iterface 206, from the higher station apparatus
30 positioned at a hugher level above the base station 20.

In the baseband signal processing section 204, a downlink
data channel signal 1s subjected to PDCP layer processing
such as addition of a sequence number, RLC (Radio Link
Control) layer transmission processing such as RLC retrans-
mission control transmission processing and division and
coupling of user data, MAC (Medium Access Control)
retransmission control, including, for example, HARQ
transmission processing, scheduling, transport format selec-
tion, channel coding, inverse fast Fourier transform (IFFT)
processing, and precoding processing. Then, the signal 1s
transierred to the transmission/reception section 203. Fur-
ther, as with signals of the downlink control channel, such
a signal 1s subjected to transmission processing such as
channel coding and 1nverse fast Fourier transform, and 1s
transierred to the transmission/reception section 203.

The baseband signal processing section 204 notifies the
mobile station 10 of control information for communication
in the cell 50 by a broadcast channel. Broadcast information
for communication in the cell 50 includes, for example, the
uplink or downlink system bandwidth, 1dentification infor-
mation of a root sequence (root sequence index) for gener-
ating random access preamble signals in the PRACH, and so
on.

In the transmission/reception section 203, the baseband
signal output from the baseband signal processing section
204 1s subjected to frequency conversion processing nto a
radio frequency band. The signal i1s then amplified by the
amplifying section 202 and transmitted by the transmitting/
receiving antenna 201.

Meanwhile, 1n the base station 20, a radio frequency
signal transmitted from the mobile station 10 1s received by
the transmitting/recerving antenna 201. The radio frequency
signal received by the transmitting/recerving antenna 201 1s
then amplified by the amplifying section 202, frequency-
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converted 1nto a baseband signal by the transmission/recep-
tion section 203 and 1s mput to the baseband signal pro-
cessing section 204.

The baseband signal processing section 204 performs FFT
processing, IDFT processing, error correction decoding,
MAC retransmission control reception processing, and RLC
layer and PDCP layer reception processing on the user data
included in the received baseband signal. The signal 1s then,
transierred to the higher station apparatus 30 through the
transmission path interface 206.

The call processing section 205 performs call processing
such as setting up and releasing a communication channel,
manages the state of the base station 20 and manages the
radio resources.

FIG. 11 1s a diagram schematically illustrating the con-
figuration of the mobile station 10 according to the present
embodiment. As 1llustrated 1n FIG. 11, the mobile station 10
has a transmitting/receiving antenna 101, an amplifying
section 102, a transmission/reception section 103, a base-
band signal processing section 104 and an application sec-
tion 105.

In reception, a radio frequency signal is received by the
transmitting/receiving antenna 101, amplified by the ampli-
tying section 102 and frequency-converted into a baseband
signal by the transmission/reception section 103. This base-
band signal 1s subjected to reception processing such as FFT
processing, error correction decoding and retransmission
control and so on, 1n the baseband signal processing section
104. In this downlink data, downlink user data 1s transferred
to the application section 105. The application section 105
performs processing related to higher layers above the
physical layer and the MAC layer. In the downlink data,
broadcast information 1s also transierred to the application
section 103.

On the other hand, 1n transmission, uplink user data 1s
input from the application section 105 to the baseband signal
processing section 104. In the baseband signal processing
section 104, retransmission control (HARQ (Hybrid ARQ))
transmission processing, channel coding, DFT processing,
IFFT processing and so on are performed. The signal 1s then
transterred to the transmission/reception section 103. In the
transmission/reception section 103, the baseband signal out-
put from the baseband signal processing section 104 1s
subjected to frequency conversion processing and converted
into a radio frequency band. After that, the signal 1s ampli-
fied 1n the amplifying section 102 and transmitted from the
transmitting/receiving antenna 101.

FIG. 12 1s a functional block diagram of the baseband
signal processing section 204 and part of the higher layers
provided 1n the base station apparatus 20 according to the
present embodiment, and primarily illustrates the functional
blocks of the transmission processing section in the base-
band signal processing section 204. FIG. 12 illustrates an
example of a base station configuration which can support
maximum M (CC #0 to CC #M) component carriers. Trans-
mission data for the mobile station 10 under control of the
base station 20 1s transierred from the higher station appa-
ratus 30 to the base station 20.

A control information generation section 300 generates a
higher control signal for performing higher layer signaling
(for example, RRC signaling), on a per-user basis. In the CIF
table 1llustrated in FI1G. 4, when the number of CCs available
for radio communication 1s 4 or 5, the control information
generation section 300 can generate a higher control signal
containing a command to designate one of bundled-CC sets
N, to N,. Here, the higher control signal containing the
command to designate one of bundled-CC sets N, to N, 1s
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equivalent to block 1dentification information in the claims,
and the control information generation section 300 1is
equivalent to a block designation information generation
section.

A data generation section 301 outputs the transmission
data transferred from the higher station apparatus 30 as user
data on a per-user basis.

A component carrier selection section (CC selection sec-
tion) 302 selects component carriers to use in radio com-
munication with the mobile station 10 on a per-user basis.
Specifically, the CC selection section 302 selects one or
more CCs on a per-user basis based on the information from
a scheduling section 310. Based on the assignment infor-
mation of CCs set on a per-user basis by the CC selection
section 302, higher control signals and transmission data are
assigned to channel coding sections 303 of respective CCs.

The scheduling section 310 controls assignment of CCs to
a serving mobile station 10 i1n accordance with overall
communication quality of the system band. Specifically, the
scheduling section 310 determines the number of CCs and
CC positions allocated to communication with the mobile
station 10. A determination result of the number of CCs and
CC posittions 1s communicated to the control information
generation section 300 and the CC selection section 302. In
the uplink scheduling, either SC-FDMA or clustered DFT-
spread OFDM 1s controlled dynamically (on a per-subirame
basis). In CCs (uplink) to which clustered DFT-spread
OFDM 1s applied, the number of clusters and cluster
resources are determined.

Besides, the scheduling section 310 controls resource
allocation 1n each of CC #0 to CC #M. For example, 1n the
scheduling section 310, the LTE terminal user and the
LTE-A terminal user are scheduled separately. The sched-
uling section 310 recerves as input the transmission data and
retransmission command from the higher station apparatus
30, and also receives as input the channel estimation values
and resource block CQIs from the reception section having
measured an uplink received signal. The scheduling section
310 schedules downlink allocation information, uplink allo-
cation mformation and uplink and downlink shared channel
signals, with reference to the retransmission instruction,
channel estimation values and CQIs that are received as
input from the higher station apparatus 30.

A propagation path 1n mobile communication varies dii-
terently per frequency, due to frequency selective fading. So,
upon transmission of user data to the mobile station 10,
resource blocks of good communication quality are assigned
to each mobile station 10, on a per-subirame basis (which 1s
referred to as “adaptive frequency scheduling”). In adaptive
frequency scheduling, for each resource block, a mobile
station 10 of good propagation path quality 1s selected and
assigned. Consequently, the scheduling section 310 assigns
resource blocks that are expected to have improved through-
put, using the CQI of each resource block, fed back from
cach mobile station 10. Besides, 1t assigns resource blocks to
the uplink to which the clustered DFT-spread OFDM 1s
applied, on a per-cluster basis. Further, the MCS (coding rate
and modulation scheme) to fulfill a required block error rate
with the assigned resource blocks 1s determined. Parameters
to fulfill the MCS (coding rate and modulation scheme)
determined by the scheduling section 310 are set 1n channel
coding sections 303, 308 and 312, and 1n modulation sec-
tions 304, 309 and 313.

The baseband signal processing section 204 has channel
coding sections 303, modulation sections 304, and mapping
sections 305, to match the maximum number of users to be
multiplexed, N, in one component carrier. The channel
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coding section 303 performs channel coding of the shared
data channel (PDSCH), which 1s formed with user data

(including part of higher control signals) that 1s output from
the data generation section 301, on a per-user basis. The
modulation section 304 modulates user data having been
subjected to channel coding, on a per-user basis. The map-
ping section 305 maps the modulated user data to radio
resources. Here, a transmission system elements including
these channel coding sections 303, modulation sections 304,
and mapping sections 305 make up a second transmission
section for transmitting data channels containing the block
designation mformation in the claims.

Further, the baseband signal processing section 204 has a
downlink control information generation section 306 that
generates downlink shared data channel control information,
which 1s user-specific downlink control information, and a
downlink shared channel control information generation
section 307 that generates downlink shared control channel
control information, which 1s user-common downlink con-
trol information. Here, the downlink control information
generation section 306 constitutes a downlink control 1nfor-
mation generation section in the claims.

The downlink control information generation section 306
generates downlink control information (DCI) from the
resource allocation information, MCS information, HARQ
information, PUCCH transmission power control command
and the like, which are determined on a per-user basis. Also,

the downlink control information generation section 306
determines a CIF to be added to the downlink control
information (DCI) based on the CIF table 1llustrated 1n FIG.
4. For example, when a plurality of CCs 1s used for trans-
mission of the PDSCHs for the mobile station 10 where the
number of CCs available for radio communication 1s 2,
CIF=010 1s determined and the downlink control informa-
tion (DCI) 1s generated with this CIF added thereto. Further,
when a plurality of CCs 1s used for transmission of PDSCHs
for the mobile station 10, the downlink control information
generation section 306 generates the downlink control infor-
mation (DCI) in which the fields are made partially or
entirely in common, as illustrated in FIG. 5. Here, some or
all of the field standardized in the DCI are determined, for
example, based on previous setting or the scheduling infor-
mation from the scheduling section 310. For example, the
information of the fields other than the RA field contained 1n
the DCI 1s made common, the downlink control information
generation section 306 performs compression of the RA field

information as illustrated 1in FIG. 6. And, the information of
some of the fields other than the RA field 1n the DCI (for

example, information of the fields other than the MCS field)
1s made common, the downlink control information genera-
tion section 306 performs processing such as compression of
the MCS field information.

The baseband signal processing section 204 has channel
coding sections 308 and modulation sections 309 to match
the maximum number of users to be multiplexed, N, in one
component carrier. The channel coding section 308 per-
forms, on a per-user basis, channel coding of control infor-
mation, which 1s generated 1n the downlink control infor-
mation generation section 306 and the downlink shared
channel control imformation generation section 307. The
modulation section 309 modulates the downlink control
information having been subjected to channel coding. Here,
the transmission system elements including these channel
coding sections 308 and modulation sections 309 constitute
a transmission section for transmitting a downlink control

channel (PDCCH) 1n the claims.
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Also, the baseband signal processing section 204 has an
uplink control information generation section 311, a channel
coding section 312, and a modulation section 313. The
uplink control information generation section 311 generates,
on a per-user basis, uplink shared data channel control
information, which 1s control information for controlling the
uplink shared data channel (PUSCH). The channel coding
section 312 performs, on a per-user basis, channel coding of
generated uplink shared data channel control information,
and the modulation section 313 modulates the uplink shared
data channel control mformation having been subjected to
channel coding, on a per-user basis.

The uplink control information generation section 311
generates the uplink control information from the uplink
resource allocation information (cluster), MCS 1nformation
and redundancy version (RV), identifier to determine
whether 1t 1s new data or retransmission data (new data
indicator), PUSCH transmission power control command
(TPC), cyclic shuft for demodulation reference signal (CS for
DMRS), CQI request and the like, which are determined on
a per-user basis. As for subirames (CCs) for which SC-
FDMA 1s selected as the uplink radio access scheme, uplink
allocation information of DCI Format 0 1s generated in
accordance with the rules defined 1n LTE.

The control information that 1s modulated on a per-user
basis 1 the above modulation sections 309 and 313 1s
multiplexed in a control channel multiplexing section 314
and furthermore interleaved in an interleaving section 315.
A control signal that 1s output from the interleaving section
315 and user data that 1s output from the mapping section
305 are input 1 an IFFT section 316 as downlink channel
signals. The IFFT section 316 converts the downlink chan-
nel signal from a frequency domain signal mto a time
sequence signal by performing inverse fast Fourier trans-
form of the downlink channel signal. A cyclic prefix inser-
tion section 317 serts cyclic prefixes 1n the time sequence
signal of the downlink channel signal. Note that a cyclic
prefix functions as a guard interval for cancelling the dif-
ferences 1n multipath propagation delay. The transmission
data to which cyclic prefixes are added, 1s transmitted to the
transmission/reception section 203.

FIG. 13 1s a functional block diagram of the baseband
signal processing section 104 provided in the mobile station
10, and illustrates functional blocks of the L' TE-A terminal
that supports the LTE-A system.

A CP removing section 401 removes the CPs from a
downlink signal received from the base station 20 as
received data. The downlink signal, from which the CPs
have been removed, 1s input 1n an FFT section 402. The FFT
section 402 performs fast Fourier transform (FFT) on the
downlink signal, converts the time domain signal into a
frequency domain signal, and mputs the frequency domain
signal into a demapping section 403. The demapping section
403 demaps the downlink signal, and extracts, from the
downlink signal, multiplexed control information 1n which a
plurality of pieces of control information are multiplexed,
user data, and higher control signals. Note that the demap-
ping processing by the demapping section 403 1s performed
based on a higher control signal that i1s received as input
from the application section 105. The multiplexed control
information that 1s output from the demapping section 403
1s deinterleaved 1n a deinterleaving section 404.

Also, the baseband signal processing section 104 has a
control information demodulation section 405 that demodu-
lates control information, a data demodulation section 406
that demodulates downlink shared data, and a channel
estimation section 407. The control information demodula-
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tion section 405 includes a shared control channel control
information demodulation section 403a that demodulates
downlink shared control channel control information from
the downlink control channel, an uplink shared data channel
control 1nformation demodulation section 4056 that
demodulates uplink shared data channel control information
by blind decoding search spaces from the downlink control
channel, and a downlink shared data channel control infor-
mation demodulation section 405¢ that demodulates down-
link shared data channel control information by blind decod-
ing of search spaces from the downlink control channel. The
data demodulation section 406 includes a downlink shared
data demodulation section 406a that demodulates the user
data and higher control signals, and a downlink shared
channel data demodulation section 4065 that demodulates
downlink shared channel data.

The shared control channel control information demodu-
lation section 405a extracts shared control channel control
information, which 1s user-common control information, by
the blind decoding processing, demodulation processing,
channel decoding processing and so on of the common
search spaces of the downlink control channel (PDCCH).
The shared control channel control information includes
downlink channel quality information (CQI), and therefore
1s mput 1 a mapping section 415 (described later), and
mapped as part of transmission data for the base station 20.

The uplink shared data channel control nformation
demodulation section 4055 extracts uplink shared data chan-
nel control information, which 1s user-specific uplink control
information, by the blind decoding processing, demodula-
tion processing, channel decoding processing and so on, of
the user-specific search spaces of the downlink control
channel (PDCCH). The uplink allocation information 1is
used to control the uplink shared data channel (PUSCH), and
1s 1nput to the downlink shared channel data demodulation
section 4065.

The downlink shared data channel control imformation
demodulation section 405¢ extracts downlink shared data
channel control information, which 1s user-specific down-
link control information, by the blind decoding processing,
demodulation processing, channel decoding processing and
so on of the user-specific search spaces of the downlink
control channel (PDCCH). At this time, the downlink shared
data channel control information demodulation section 405¢
decodes the CIF added to the DCI contained in the downlink
control channel (PDCCH) thereby to obtain the information
relating to the plural CCs to which the PDSCHs for the
subject apparatus are allocated (downlink shared data chan-
nel control mformation). For example, when the number of
CCs available for radio communication for the mobile
station 10 1s 2 and a decoding result of CIF=010 1s obtained,
the PDSCHs for the subject apparatus are recognized as
being assigned to the same CC as the downlink control
channel (PDCCH) and 1ts adjacent CC. The downlink shared
data channel control information i1s used to control the
downlink shared data channel (PDSCH), and 1s input 1n the
downlink shared data demodulation section 406a.

Also, the downlink shared data channel control informa-
tion demodulation section 405¢ performs the blind decoding
processing of the user-specific search spaces, based on
information which relates to the PDCCH and PDSCH and
which 1s included in higher control signals demodulated in
the downlink shared data demodulation section 406a. The
higher control signals are used to signal the information

relating to the user-specific search spaces (that may contain
activation “ON” and deactivation “OFF” of the PDSCH/

PDCCH).
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The downlink shared data demodulation section 406a
acquires the user data and higher control information, based
on the downlink shared data channel control information
received as input from the downlink shared data channel
control information demodulation section 405¢. The higher
control information (including mode information) 1s output
to the channel estimation section 407. The downlink shared
channel data demodulation section 40656 demodulates down-

link shared channel data based on the uplink shared data

channel control information that is mput from the uplink
shared data channel control information demodulation sec-

tion 4055.

The channel estimation section 407 performs channel
estimation using common reference signals. The estimated
channel variation 1s output to the shared control channel
control information demodulation section 405a, the uplink
shared data channel control mnformation demodulation sec-
tion 4055, the downlink shared data channel control infor-
mation demodulation section 405¢ and the downlink shared
data demodulation section 406a. These demodulation sec-
tions demodulate downlink allocation information using the
estimated channel vanation and demodulation reference
signals.

The baseband signal processing section 104 has a data
generation section 411, a channel coding section 412, a
modulation section 413, a DFT section 414, a mapping
section 415, an IFFT section 416, a CP 1nsertion section 417,
which are provided as transmission processing sequence
functional blocks. The data generation section 411 generates
transmission data from bit data that 1s received as input from
the application section 105. The channel coding section 412
applies channel coding processing such as error correction
and so on to the transmission data, and the modulation
section 413 modulates the transmission data having been
subjected to channel coding, by QPSK and so on. The DFT
section 414 performs discrete Fourier transform on the
modulated transmission data. The mapping section 4135
maps each frequency component of data symbols having
been subjected to the DFT processing, to a subcarrier
designated by the base station apparatus. The IFFT section
416 performs inverse fast Fourier transform on the input
data corresponding to the system band and converts it to
time sequence data, and the CP insertion section 417 inserts
cyclic prefixes nto data breaks of the time sequence data.

The following description 1s made about the operation of
transmitting PDSCHs to the mobile station 10 from the base
station 20 configured as described above. In this case, in the
base station 20, the downlink control information generation
section 306 determines a CIF to be added to the downlink
control information (DCI) based on the CIF table 1llustrated
in FIG. 4. When a plurality of CCs are used for transmission
of PDSCHs for the mobile station 10, a corresponding CIF
(for example, CIF=010 1llustrated in FIG. 4) 1s selected and
the downlink control information (DCI) 1s generated with
the CIF added thereto. Then, the downlink control channel
(PDCCH) contaiming this downlink control information 1s
transmitted to the mobile station 10 with the PDSCHs
assigned to the plural CCs.

On the other hand, in the mobile station 10, the CIF added
to the DCI contained in the downlink control channel 1s
decoded thereby to i1dentily the CCs to which the PDSCHs
for the subject apparatus are assigned. After that, the
PDSCHs assigned to the plural CCs are demodulated based
on the information defined 1n the fields contained 1n this DCI
thereby to reproduce the transmission data from the base
station 20.
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As described up to this point, according to the base station
20 to which the communication control method of the
present embodiment 1s applied, the DCI 1s generated with
addition of the CIF which 1s used to demodulate PDSCHs
allocated to two or more CCs and 1s 1identification informa-
tion capable of 1dentily the CCs and a PDCCH 1s transmitted
with this DCI. With this configuration, as there 1s no need to
generate DCI for each CC and transmit a PDCCH with the
DC, 1t 1s possible to reduce radio resources allocated to the
PDCCHs and improve the data rate, even when a plurality
of CCs are aggregated into a wide band.

Up to this point, the present invention has been described
in detail by way of the above-mentioned embodiment. It will
be clear and apparent to one skilled in the art that the
invention 1s not limited to the embodiments set forth 1n this
description. The present invention may be embodied 1n
various modified and altered forms without departing from
the spirit and scope of the present invention defined 1n the
claims. Therefore, this description has been given only for
illustrative purposes and 1s not intended for limiting the
present mvention.

INDUSTRIAL APPLICABILITY

According to the present invention, 1t is possible to reduce
radio resources allocated to PDCCHs by transmitting, to a
mobile station 10, a PDCCH containing DCI added with a
CIF that 1s used for demodulating PDSCHs allocated to two
or more CCs and 1s capable of identifying the CCs. There-
fore, the present invention 1s useful for radio communication
systems for performing communications with use of a
system band widened by aggregating a plurality of CCs.

The disclosure of Japanese Patent Application No. 2010-
141018, filed on Jun. 21, 2010, including the specification,
drawings, and abstract, 1s incorporated herein by reference
in its entirety.

The 1nvention claimed 1s:

1. A base station apparatus comprising:

a downlink control information generation section con-
figured to generate downlink control mnformation to
demodulate data channels that are sent independently 1n
respective fundamental frequency blocks allocated to a
user terminal; and

a transmitting section configured to transmit a downlink
control channel containing the downlink control 1nfor-
mation,

wherein the downlink control information generated by
the downlink control information generation section 1s
used to demodulate the data channels assigned to the
fundamental frequency blocks and 1s added with 1den-
tification information that 1s capable of identifying each
frequency of the fundamental frequency blocks,

wherein each of the fundamental frequency blocks 1s a
component carrier (CC) having a predetermined fre-
quency band, and

wherein the downlink control information generation sec-
tion makes all information pieces 1 the downlink
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control information 1n common irrespective of a num-
ber of the data channels assigned to the fundamental
frequency blocks.

2. The base station apparatus of claim 1, wherein the
downlink control information generation section generates
the downlink control information added with identification
information that 1s used to demodulate a plurality of data
channels assigned to subirames and 1s capable of identifying
each of the subframes, instead of the identification informa-
tion that 1s capable of 1dentifying each of the fundamental
frequency blocks to which the data channels are as signed.

3. The base station apparatus of claim 1, wherein the
downlink control information generated by the downlink
control information generation section 1s added with 1den-
tification information that 1s capable of identifying each of
subirames to which the data channels are assigned, as well

as each of the fundamental frequency blocks to which the
data channels are as signed.

4. The base station apparatus of claim 1, further compris-
ing a block designation information generation section con-
figured to generate block designation information for des-
ignating a combination of fundamental frequency blocks to
which the data channels are assigned when a number of the
fundamental frequency blocks allocated to the user terminal
1s a predetermined number or more; and a second transmis-
s10n section configured to transmit a data channel containing
the block designation information.

5. A communication control method comprising;:

a generating step ol generating downlink control infor-
mation to demodulate data channels that are sent inde-
pendently 1n respective fundamental frequency blocks
allocated to a user terminal; and

a transmitting step of transmitting a downlink control
channel containing the downlink control information,

wherein the downlink control information generated in
the generating step 1s used to demodulate the data
channels assigned to the fundamental frequency blocks
and 1s added with identification information that is
capable of identitying each frequency of the fundamen-
tal frequency blocks,

wherein each of the fundamental frequency blocks 1s a
component carrier (CC) having a predetermined fre-
quency band, and

wherein the downlink control information generation sec-
tion makes all information pieces 1 the downlink
control information 1 common 1irrespective of a num-
ber of the data channels assigned to the fundamental
frequency blocks.

6. The base station apparatus of claim 1, wherein the
transmitting section transmits the downlink control channel
of one of the fundamental frequency blocks carrying the data
channels by using another fundamental frequency block.

7. The communication control method of claim 5, wherein
in the transmitting step, the downlink control channel of one
of the fundamental frequency blocks carrying the data
channels 1s transmitted using another fundamental fre-
quency block.
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